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(57) Abstract : 

PURPOSE' To detect a load current with an excellent accuracy without any 
loss and without interposing a sense resistance on a course of the load 
current and to switch a gain easily in accordance with a size of the 
load current when the load current is to be detected. 
CONSTITUTION: There are provided a power M0S. FETM1 for controlling a 
load current, a power MOS. FETM2 for sensing a current which reflects a 



current running in the FETM1 to a small current with a constant ratio, 
and a feedback circuit 1 for making a terminal voltage at the FETM1 and 
FETM2 constant. A current is detected by the FETM2. Moreover, a current, 
mirror circuit for reflecting a current running in the power MOS. FETM2 
to a small current with a constant ratio and a switch for turning OFF/ON 
part of the current mirror circuit so as to vary the constant ratio are 
further set in the apparatus, so that a gain of a detecting current is 
switchable. 
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CLAIMS 
[Claim(s) ] 

[Claim 1] Semiconductor integrated circuit equipment which detects the 



load current characterized by to have a feedback circuit for making 
regularity terminal voltage of the power and MOS-FET for controlling the 
load current (Ml), the power, MOS and FET for current sense (M2) which 
carry out the mirror of the current which flows to this power and MOS- 
FET (Ml) to a small current by the fixed ratio, and these two power and 
MOS-FET in intelligent power and MOS-IC by no losing. 
[Claim 2] Semiconductor integrated circuit equipment which detects the 
load current characterized by forming the current Miller circuit which 
carries out the mirror of the current which flows to the power and MOS- 
FET for current sense (M2) to a small current by the still more fixed 
ratio in the semiconductor integrated circuit equipment of claim 1, and 
the switch which turns on and off said a part of current Miller circuit 
in order to make the ratio concerned adjustable by no losing. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the semiconductor 
integrated circuit equipment which detects the load current by no losing 
in intelligent power and MOS-IC. The semiconductor integrated circuit 
equipment of this invention is applicable to the driver IC for driving a 
load by the change of for example, three-phase-circuit spindle Motor 
Driver for hard disk drives (HDD), voice coil Motor Driver, other power, 
and MOS-IC etc. 
[0002] 

[Description of the Prior Art] For example, as a means to detect the 
current which flows for loads, such as a motor, the equipment shown in 
drawing 7 or drawing 8 is known conventionally. It is the accurate sense 



resistance Rs on the path by the side of the ground of the load current 
ILoad which flows for a load (Load) with the equipment of drawing 7 . It 
inserts and they are the electrical potential differences VRSH and VRSL 
of the both ends. By taking out, it is ILoad= (VRSH-VRSL) /Rs. The load 
current ILoad is detected based on a formula. VDD is supply voltage. 
[0003] The equipment of drawing 8 is the sense resistance Rs. It 
prepared on the path by the side of supply voltage VDD, and also is the 
same configuration as the equipment of drawing 7 . In these drawing 7 
and drawing 8 , Ml shows N channel power and MOS-FET, and this power and 
MOS-FET (Ml) are built in the intelligent power and MOS-IC for 
controlling the ON / OFF, or size of a current which flows for a load 
(Load) . 

[0004] The equipment which shows the load current to drawing 9 on the 
other hand as equipment detected by no losing is known. The equipment of 
this drawing 9 is called SENSEFET (trade name of Motorola), power and 
MOS-FET (F) are divided into the power section Fl and the sense section 
F2, and the on resistance of the sense section F2 and the on resistance 
of the power section Fl are connected by the fixed ratio. Therefore, if 
SENSEFET (F) carries out a turn-on, it is divided in inverse proportion 
to the on resistance of the sense section F2, and the on resistance of 
the power section Fl, and the flow of a current is the sense current 
(mirror current) IM. Source current IS It becomes a ratio and appears. 
Source current IS Sense current IM Since a ratio is prescribed by 
current mirror ratio n and this n is usually considered as the order of 
1000 to 1, the load current is almost equal to source current IS, and 
current mirror ratio n is also the load current and the sense current IM. 
It becomes a thing reflecting a ratio. 

[0005] Therefore, the known part of the load current is the power sense 
resistance RS like drawing 7 or drawing 8 by connecting the sense 
resistance R between the mirror terminal 91 and a grounding terminal. 
Current detection can be carried out without producing big electrical- 
potential-difference loss like [ when using it ]. The current which will 
be detected if this sense resistance R is 10% or less of the on 
resistance of the sense section F2 becomes load current / current mirror 
ratio, i.e., ILoad/n, mostly. 92 is a source terminal. 
[0006] 

[Problem (s) to be Solved by the Invention] However, although to impress 
sufficient electrical potential difference for the both ends of the load 
is needed with the conventional equipment of drawing 7 or drawing 8 in 
order to drive a load (Load) at high effectiveness, it is the power 
sense resistance RS. Loss for the voltage drop which can be set arises 



and there is a problem that the effectiveness which drives a load will 
fall. When you want to take especially the case where supply voltage VDD 
is a low battery, and the large load current ILoad, or when it is the 
both, it is the power sense resistance RS. Since the rate that 
electrical-potential-difference loss occupies becomes large, decline in 
load drive effectiveness may become remarkable, and the drive of it may 
become impossible depending on the engine performance of a load. 
[0007] On the other hand, although it is necessary with the equipment of 
drawing 9 to make sense resistance R small enough with 10% or less of 
the on resistance of the sense section F2 in order to make current 
mirror ratio n exact therefore, there is a problem of the sense 
electrical potential difference in which ejection is possible becoming 
small, and being hard to detect. On the contrary, although it is 
necessary to enlarge sense resistance R if it is going to take out a 
sense electrical potential difference big enough, there is a problem 
from which current mirror ratio n becomes incorrectness in this case. 
[0008] moreover, the case where he wants to change gain according to the 
magnitude of the load current at the time of rotation starting and 
stationary rotation which is alike, respectively and flows in order to 
pass the bigger load current than the time of stationary rotation at the 
time of rotation starting, in driving a motor with the equipment of 
drawing 7 or drawing 8 in case the load current is changed and detected 
on an electrical potential difference — power sense resistance RS It is 
necessary to change and there is also a problem that where of a degree 
of freedom is low. There is same problem also in the equipment of 
drawing 9 . 

[0009] Then, the 1st purpose of this invention is to offer the 
semiconductor integrated circuit equipment which can detect the load 
current with a sufficient precision by no losing, without inserting 
sense resistance on the path of the load current. In case the 2nd 
purpose of this invention detects the load current, it is to offer the 
semiconductor integrated circuit equipment which can change gain easily 
according to the magnitude of the load current. 
[0010] 

[Means for Solving the Problem] The semiconductor integrated circuit 
equipment of claim 1 is characterized by having a feedback circuit for 
making regularity terminal voltage of the power, M0S and FET for 
controlling the load current (Ml), the power, M0S and FET for current 
sense (M2) which carry out the mirror of the current which flows to this 
power, M0S, and FET (Ml) to a small current by the fixed ratio, and 
these two power, MOSs and FET in intelligent power and M0S-IC. 



[0011] The semiconductor integrated circuit equipment of claim 2 is 
characterized by forming the current Miller circuit which carries out 
the mirror of the current which flows to the power and MOS-FET for 
current sense (M2) to a small current by the still more fixed ratio, and 
the switch which turns on and off said a part of current Miller circuit 
in order to make the ratio concerned adjustable in claim 1. 
[0012] 

[Function] With the equipment of claim 1, terminal voltage of two power 
and MOS-FET (Ml, M2) is fixed-ized by the feedback circuit. Therefore, 
the current by which a mirror is carried out to the power and MOS-FET 
for current sense (M2) from the power and MOS-FET for load current 
control (Ml) is determined by high degree of accuracy by the size ratio 
(n to 1) of FET (Ml) and FET (M2), and the small current of the ILoad 
load currentsl/n flows to stability at FET (M2). Therefore, resistance 
is enough for the current path of this FET (M2), and in case the power 
sense resistance with a high detection precision is inserted and a 
current is detected, the power loss in power sense resistance can be 
controlled small. Moreover, since it is not necessary to insert power 
sense resistance in the power and MOS-FET for load current control (Ml), 
loss of the electrical potential difference impressed to the both ends 
of a load is small. 

[0013] With the equipment of claim 2, by turning on and off a part of 
current Miller circuit with a switch, the mirror of the current which 
flows to the power and MOS-FET for current sense (M2) can be carried out 
to the small current of a further different ratio, and current detection 
can be performed. When it follows, for example, the load current changes 
a lot according to the condition of a load like a motor, high degree of 
accuracy can detect the load current by the gain corresponding to the 
magnitude of the load current which changed. 
[0014] 

[Example] Drawing 1 shows the example of this invention corresponding to 
claim 1, and is an example of semiconductor integrated circuit equipment 
which detects the load current by no losing in intelligent power, M0S, 
and IC. The power and MOS-FET for controlling the load current ILoad 
(Ml) are inserted in the ground side of a load (Load), and common gate 
connection of the power, M0S, and FET for current sense (M2) which 
carries out the mirror of the load current ILoad which flows to this FET 
(Ml) to a small current by the fixed ratio is made. Each FET (Ml) and 
FET (M2) of this example are n channel M0S FET, and a property 
approximates them. Moreover, the size ratio of Ml and M2 is n to 1, and 
is 1000 to 1 in an example. 



[0015] A feedback circuit 1 is constituted by an operational amplifier 
0P1 and MOS-FET (M3), and terminal voltage (electrical potential 
difference between the drain sources) of two FET (Ml, M2) is fixed-ized 
by this feedback circuit 1. That is, the non-inversed input terminal of 
an operational amplifier 0P1 is connected to the drain of FET (Ml), an 
inversed input terminal is connected to the drain of FET (M2), and the 
output terminal is connected to the gate of FET (M3). It connects with 
the drain of FET (M2), and the source of this FET (M3) is the power 
sense resistance RS to the supply voltage VDD side of FET (M3). It is 
inserted. In this feedback circuit 1, it is controlled so that the 
electrical potential difference of the non-inversed input terminal of an 
operational amplifier 0P1 and the electrical potential difference of an 
inversed input terminal become always fixed. 

[0016] Next, an operation of the equipment of drawing 1 is explained. 
When operating in a linear field and the current type of MOSFET 
generally operates in the one following and a saturation region, it is 
shown by the two following. 
[0017] 

[Equation 1] 
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[Equation 2] 



0 W 



2 L 



2 



Here, IDS is the drain source current, beta is a structure factor, in 
the die length of a channel, and VGS, the electrical potential 
difference between the gate sources and Vth show a threshold electrical 
potential difference, and, as for mu e epsilon/d (in mue, mobility and 
epsilon show the dielectric constant of an insulator and d shows the 
thickness of an insulator.), and W, VDS shows [ the width of face of a 
channel, and L ] the electrical potential difference between the drain 
sources. 

[0019] When carrying out the mirror of the current which flows to a 
certain MOS-FET to another MOS-FET using the current Miller circuit 
known from the former, in order that M0S and FET may operate in a 
saturation region, according to two above, it is well known for the 
current type that the mirror of the current will be carried out by the 



ratio of W/L between two MOS-FET, without being influenced of VDS. 
[0020] However, in carrying out the mirror of the current which flows to 
a certain power and MOS-FET to another power and MOS-FET, since on 
resistance is designed small, usually power and MOS-FET will be farther 
[ VGS / than VDS ] large, and will operate in a linear field, and the 
current type follows one above. That is, IDS is influenced of VDS and 
the relational expression of a current which flows FET (Ml) and FET (M2) 
of drawing 1 becomes like [ with the three following ] from one above. 
[0021] 

[Equation 3] 
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If it is made for VDS (M2) of VDS (Ml) and FET (M2) of several 3 to this 
FET (Ml) to become equal (VDS (Ml) =VDS (M2)), the mirror of the current 
can be carried out by the ratio of W/L of FET (Ml), and W/L of FET (M2). 
Therefore, if the size ratio of FET (Ml) and FET (M2) is n to 1 when VDS 
of FET (Ml) and FET (M2) is always made equal, applying feedback by the 
feedback circuit 1 which consists of operational amplifiers 0P1 and 
M0SFET (M3), the current of the ILoad load currentsl/n of FET (Ml) will 
flow to stability at the FET (M2) side. 

[0022] FET for current sense (M2) can detect the load current ILoad with 
high degree of accuracy, without according to the example shown in 
drawing 1 as mentioned above, producing loss of the electrical potential 
difference impressed to the both ends of a load, since it is not 
necessary to insert power sense resistance on the current path of a load 
(Load). And power sense resistance RS of resistance sufficient in order 
to raise detection precision to the current path of FET (M2) Since the 
currents which flow to FET (M2) are 1/n of the load current, and a small 
current even if it inserts, it is the power sense resistance RS. Loss of 
the power to depend is also controlled small. 

[0023] Drawing 2 showed other examples corresponding to claim 1, and 
inserted FET (Ml) and FET (M2) in the supply voltage VDD side in this 
example, and also it is equivalent to the example of drawing 1 . Thus, 
even if it inserts FET (Ml) and FET (M2) in a supply voltage VDD side, 
the same operation effectiveness as the example shown in drawing 1 is 
done so. 



[0024] Drawing 3 shows the example of this invention corresponding to 
claim 2, and is an example of semiconductor integrated circuit equipment 
which detects the load current by no losing in intelligent power, MOS, 
and IC. This example adds current Miller circuit 2 which carries out the 
mirror of the current which flows to the power and MOS-FET for current 
sense (M2) to a small current by the still more fixed ratio, and the 
switch 3 which turns on and off a part of current Miller circuit 2 in 
order to make the ratio concerned adjustable in the example of drawing 
1 . 

[0025] Current Miller circuit 2 of this example is conventionally 
constituted using well-known current Miller circuit. Namely, a p channel 
MOS and FET (M4) are inserted on the current path of the power and MOS- 
FET for current sense (M2). Common gate connection of the p channel MOS, 
FET (M5), and the p channel MOS and FET (M6) for carrying out the mirror 
of the current which flows to this FET (M4) to a small current by the 
still more fixed ratio is made at FET (M4), respectively. Common drain 
connection of FET (M5) and FET (M6) is made. And the transfer gate TG 1 
which constitutes a switch 3 is inserted on the drain current path of 
FET (M6). This transfer gate TG 1 is for carrying out on-off control of 
FET (M6) with a gain control signal. In addition, Gl is the gate. 
Moreover, power sense resistance RS It is inserted on the drain current 
path of FET (M5). 

[0026] In this example, since the switch 3 for making adjustable current 
Miller circuit 2 which carries out a mirror to a small current by the 
still more fixed ratio, and the ratio concerned is added, current mirror 
ratio can be changed by carrying out on-off control of the switch 3 with 
a gain control signal. Therefore, although the degree of freedom of the 
amount of current detection is restricted in the example of drawing 1 , 
the degree of freedom of the amount of current detection is large in 
this example, therefore it is the power sense resistance RS. When the 
load current changes a lot, without exchanging or changing, high degree 
of accuracy can detect the load current by the gain corresponding to the 
magnitude of the load current which changed. 

[0027] Especially this example does remarkable effectiveness so, when 
applying to the intelligent power and M0S-IC used for spindle Motor 
Driver for hard disk drives (HDD), or voice coil Motor Driver. That is, 
since the small load current is passed for the big load current at the 
time of stationary rotation of a sink and a motor at the time of 
rotation starting of a motor, at the time of rotation starting of a 
motor, a detection current can be small changed by current Miller 
circuit 2, and detection precision can be made high. 



[0028] Drawing 4 shows other examples corresponding to claim 2, and this 
example adds current Miller circuit 2 and the switch 3 of drawing 3 to 
the example of drawing 2 . That is, it is the example which connected to 
the ground side of the power and MOS-FET for current sense (M2) FET (M4) 
which constitutes current Miller circuit. Also in the example of this 
drawing 4 , the same operation effectiveness as the example of drawing 3 
is done so. 

[0029] Drawing 5 is an example at the time of changing into a gate side 
the location which changes current mirror ratio in the example of 
drawing 3 . That is, although the change of current mirror ratio is 
performed by the drain side at drawing 3 , he is trying to change 
current mirror ratio by the gate side of FET (M5, M6) in this example 
using the two transfer gates (TGI, TG2) and gates Gl. Also in this 
example, the same operation effectiveness as the example of drawing 3 is 
done so. 

[0030] Drawing 6 is an example at the time of changing into a gate side 
the location which changes current mirror ratio in the example of 
drawing 4 . Also in this example, the same operation effectiveness as 
the example of drawing 4 is done so. 

[0031] In addition, if the still more nearly same current Miller circuit 
is connected to multistage from drawing 3 in the example of drawing 6 to 
the current Miller circuit which consists of three FET (M4, M5, M6) , the 
change number of stages of gain can be made to increase further. 
[0032] As mentioned above, in this invention, although the example of 
this invention was explained, although current Miller circuit was 
constituted using current Miller circuit, current Miller circuit is not 
restricted when using current Miller circuit, but other alternative 
means can be used for it. 
[0033] 

[Effect of the Invention] According to this invention, the following 
effectiveness is done so. 

(1) Since it is not necessary to insert power sense resistance on the 
current path of the power and MOS-FET for load current control (Ml), 
loss of the electrical potential difference impressed to the both ends 
of a load is small. 

(2) Since the current which flows to the power and MOS-FET for current 
sense (M2) is small, resistance is enough for this current path, and the 
power loss in the power sense resistance at the time of inserting the 
power sense resistance with a high detection precision, and carrying out 
current detection is small. 

(3) In order to carry out the mirror of the load current to a path other 



than the path of the load current and to take out a detection current, 
the degree of freedom which processes a detection current is high. 

(4) Since the switch for making adjustable the current Miller circuit 
which carries out a mirror to a small current by the still more fixed 
ratio, and the ratio concerned is formed, the mirror of the current 
which flows to the power and MOS-FET for current sense (M2) is carried 
out to the small current of a different ratio and current detection is 
performed, it can change to the gain corresponding to the magnitude of 
the load current which changed when the load current changed a lot, and 
the load current can be detected with high degree of accuracy. 

(5) Since size of the power and MOS-FET for load current control (Ml) 
can be far enlarged rather than the size of the power and MOS-FET for 
current sense (M2), the power consumption in the power and MOS-FET for 
current sense (M2) is small. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view of the example of this invention 
corresponding to claim 1. 

[Drawing 2] It is the explanatory view of other examples of this 
invention corresponding to claim 1. 

[Drawing 3] It is the explanatory view of the example of this invention 
corresponding to claim 2. 

[Drawing 4] It is the explanatory view of other examples of this 
invention corresponding to claim 2. 

[Drawing 5] It is the explanatory view of the example of further others 
of this invention corresponding to claim 2. 

[Drawing 6] It is the explanatory view of the example of further others 



of this invention corresponding to claim 2. 

[Drawing 7] It is the explanatory view showing an example of 

conventional current detection equipment. 

[Drawing 8] It is the explanatory view showing other examples of 
conventional current detection equipment. 

[Drawing 9] It is the explanatory view showing the example of further 
others of conventional current detection equipment. 
[Description of Notations] 

Ml The power, MOS, and FET for controlling the load current 

M2 The power, MOS, and FET for current sense 

M3 MOS and FET 

0P1 Operational amplifier 

Load Load 

1 Feedback Circuit 

2 Current Miller Circuit 

3 Switch 

M4, M5, M6 MOS and FET 
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[Drawing 2] 
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[Drawing 3] 



vdd 



2 



Vdd 




f IT~l 1:m X 

H M5 pH— jHFma 



KM A' — 



ILoad 
nxm 




ILoad 



RS M2 jjj 



rrm 

Vss V 



Vss 



[Drawing 4] 




[Drawing 5] 
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[Drawing 6] 
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[Drawing 7] 
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[Drawing 8] 
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^tlSfeOT$>D, A°7— • MOS • FET (F) j&Vt 
7— «BF 1 t-t>xaBF2fC^f[[3n> ir>XgKF2W 

S^j-^ntl/^o ^(DTctb, SENSEFET (F) 
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2 

ir>xmM (a 5— «8ft) 1 1 £y— X««Is ©Jt* 
tft^TSW. y— x«j»is ^ir>x^iM cojt 

wu m^t^^-itnTa^^n, £ © n tt3t#« 1 0 0 

[0 0 0 5] fct, -fe>XffiJn;R£^— ST 9 1 t 

^^l8 8CD£5fcA 0 7— • ir>XjgfiRs 
t S © <fc 5 fc*#fc«ffi»*«3rr 5 £ t a < H 
it*fcH-r£il£**T£5o £CD*>X8triRrt*fe>XSB 

f 2 co^>ffijrLco i o %aTT$nattB^n§ii 

£ 0 9 2IJV-XSfT*^c 
[0 0 0 6] 

fifflf (Load) tB^WTMWr 
diMSihSnS^ A°7- • ir>XjgtrLRs (CfettS 

I Load iDfeVMB-fr, 
A7~ "ir>Xffitr[Rs 

[0 0 0 7] -Jj, W9C0SBTtt. ««U7-Jfcn§r 
IE56tcT^ft:»lctt> *>XfiSiRSir>XfiBF 2^ 

[0 0 0 8] 0 7^BI8(Z)^gT^-^^H^-r 

»&tett* Hteie»^ffctt3fe#Iil*K«fcfcDt)*S 

fl«f«**«JBEK**L,T*ai 
tfiitR«iBI»i^l«l»©*h^fcjlth6^ 

-•ir>XJ£ffiR s gAfttf 

■sift**. 

[0 0 0 9] #$SW<bSI i©SB(t H#m^t 
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(3) 

3 

[0 0 10] 

KSWt -f>TUyx>h • /w— • mos • I cte 
£>t^T, g t ffi^ffi&fflWTZ>1tti)<DKV— • MOS • F 

ET (Ml) t. 10A°7— - MOS ■ FET (Ml) 

>XfflA ar 7- • MOS • FET (M2) t, Zt\t>2^ 
(DrtV— • MOS • FET<B*T«JE£— jgfcf 

[0 0 11] ll#«2»#iWMRttIir»S«t4, M&fl i0 
lfc&V^T, tSt>XfflA°7-«MOS - FET (M 

[0 0 12] 

D 2^CDA r 7— ■ MOS - FET (Ml, M2) CD*^ 

MOS • FET (Ml) ^5fIt>Xffl/W- • MO 2? 
S • FET (M2) ?:^7-^n^SI^FET (M 

1) chFET (M2) ©iMXJt (nttl) TRSST 
jfcj^Sn, FET (M2) fcttftW«« I Lo.d © 1 /n 
©/h«SE^ft^tc:8KnSo rcDFET (M 

2) CD^^jgSSfrStt^+^T^mWfi^K^/^- - 

MfIWflfflA° r ;--MOS - FET (Ml) fcttA* 

[0 0 13] i^2©ifTH X-f y^flcfcOtt* 
>7ffl/W-'MOS-FET (M2) lC«tft5«S!E£ 

zitatT^So tot, W^tfqE— ^©cfc5fcft«r©tt 

ft w ««co*^ s tea* « b >ta#««e s 

[0 0 14] 

[XJIffi BH4> W*H 1 K»«T***9!fi!)ilim ^ 
ft^U -f >o-U^x>h • MOS • I C\z& 

«Tfft«. Jilt (Load) 07-Xil:fi»l« 
I Load SSJWTSfcftCQ/t^— ■ MOS ■ FET (M 

1) jJS^JISn, :©FET (Ml) [C^nSft^SiS 

I Load ft— "rs«S5-fe>Xffl 

/W— MOS - FET (M2) #*3^>y— hSIRS 
ntl/^o ^CO^JE^tJCOFET (Ml) tFET (M 

2) tt, tlft nft *MO S F ETT »o TWtt 
**i5<HL&*><0T?&£p *&, Ml £M2£HMXi£te; 569 
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4 

nMlTfcD, — «fc:&V>TKl 0 0 0^1^*5, 
[0 0 15] ^7>7 P OP UMOS-FET (M 
3) tlZ&Qyj-FrtyZrmV&ltimi&Zn, Z.(Dy 
4 — FAy^ErHH K«fc0 2^(Z)FET (Ml, M2) 

IP^> ^7>^OP HZ)*SKA*«f^FET 
(Ml) OHW>ta8KSn, KSXSiWFET 
(M2) a)HK>l:Sastu Mf^FET (M 
3) ©y— hC»«anTVi*. 1CDFET (M3) © 
V-XBFET (M2) CDHW >fcft|*aft, FET 
(M3) ©«8S*ffiV D D#JtC/ty- • ir>XjSJfLRs 

[0016] *tcaicT>sB©f^ffl(c^^Tia0^-r^o 

MOSFETOiliH, -«fc, U^yi^i^t 

[0 0 17] 

[ftl] 



-j-t** i DS =/s- ( <v H -v tl ) v DS } 

L 2 

[0 0 18] 
[»2] 

£ W 

mm& i DS = (v GS -v tb ) 2 

2 L 

SoT/ie e/d (Me tt&l[r& e tt*BJR#©«l« 

Ltt^v^;K©fis, vcstty— h ■ v-xrfltE v 

To 

[0019] mkftzft%nx^z>jiv>y^y-m?& 

S • FETi:^7-t5^l:H MOS • FETj&tffi 

»««-i?»fp"rs&d6«S£SCja ke»2 fctsev^ v DS <d 

^#ftSttt fi tC2^©MOS ■ FETffi^W/LOjtT 

[0 0 2 0] *£y^»7 — • MOS ■ FETfC 

«n^mMftS'JcOA ol 7- • MOS • FETfc^-T3 
m^\ZU, A OI 7 — • MOS ■ FET«^>ffiJrC^/jN^< 

V\ 13 1 CO F E T (Ml) tFET (M2) &ffi l ftZ>m 
[0 0 2 1] 
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(4) 



!&M¥7 - 1 1 3 8 2 6 



[»3] 



I DS (M2) = I„j CM1) X 

W -i 

— -V DS (M2) l(V M -V |h ) 
L J M2 



[ 



V ps (M2) 



W 



L J M1 



• V M (Ml) { (V M -V lh ) 



V Dg (Ml) 



cs 



Eh- 



£0Dft3*>£, FET (Ml) COVds (Ml) tFET 
(M2) OTds (M2) t^l/<S:4i5ttna 
(Vds (Ml) =Vds (M2) ) , FET (Ml) <DW 
/LtFET (M2) C7)W/L(7)j£T^Mt£^^— 
£i#*T*£o lot, t^T^OPltMOSFE 
T (M3) 36^6&S^^ — Frty^iaj&l l:±5 7>{- 
HA^^WtTFET (Ml) tFET (M2) <DV 
Dsft*tVb<T*il, FET (Ml) tFET (M 
2) COit-rXJt^n*flTS>n«, FET (M2) fljfc 
FET (Ml) ©ftW«SKlLptd<Ol/n0)«St39«5Sffi 

(Load) ©««Efitt±fcttr« , 7— • 1r>X 

g« s :fr if r £ i^B^a: v > ft ^ . McDpifc ran $ n 

£m)£<Z>a*££T3;i£&<, ^?S1r>XfflFET 

(M2) \z£r>^mmii»***^mm^miti-?z>z.t 

38«T?€r«. bfrfc* FET (M2) CD«SK«»tC<ftffl3gf 

aswftafts&K-h^asafto/iy- • -t:>xjgtrLRs 

^»LT!)FET (M2) ^«EnS«»fE^ftffif«i«(0 

[0 0 2 3] »*3HlK3*jSrrs«(D*Ml«ft 

tkU £09#ijTteFET (Ml) tFET (M2) £® 

M«BEVDD«ifc^#uftR3W4, 0 1 (ommmtm^ 

^CDct^fcFET (Ml) tFET (M 2 ) £S 
K«£EVDD«fc^#UTfeH 1 i^bft*JfiW^W«0 

[0 0 2 4] 03 11 »*^2t^jS"r«*SSWcD*tt 
0U£^U ^f>fUyx>h • • MOS • I CiC 

T\ «8K-fe>Xffl/W— • MOS • FET (M2) fc«E 

[0 0 2 5] 0»2tt, 

^> p?t^MOS-FET (M4) ***8iHr>XjfJ 
/^-•MOS • FET (M2) <Dmffim$&±\ZlfYWZ 
n, ^OFET (M4) Izmtl&mWt&Z £ \Z—fe<D\k 



20 



30 



40 



io ^.^/b%M\z^ i y— t*^ft*cop^^^;l/MOS • fe 

T (M5) ^pff^MOS • FET (M6) 
tlfJaFET (M4) fcn^>^— hftllSn, FET 
(M5) tFET (M6) t^n ; E> H W >ffiJK3n 

y-hTGl^FET (M6) (D H W >«S£«BS±fc 

-f>n>hn-j|/i^[:iDFET (M6) £;t>-:t 

&o /W- • ir>XjgffiR s BFET (M5) CO 

[0 0 2 6] z.<DmMWz^x\^ ^t>lz— M(Ditm 

*fcf*fc»(ox-Y y^3*ftiipbTv^&8&, y-<> 

n>hn-;W^tc£DX^y?3£^> ■ ^smrr 

fttK IBDSfcfcDTS^iSiarl^ MM9Mifl±S 

[0 0 2 7] eicosiJEWtt. a-F-tVx^ 
-f:7 (hdd) ffixtf>H;^'-^ H9-f/t j f»#>f xn 

mos • i ct5WB-r-6«^fc«#ftj»**#-r 
u t-^©fi#ia*gi*ttt/haa:ft«f*iftft*-rft 

m^t^^-[Hl^2tci:^ :: E-^CD[Hlteei!r^(c^ 

[0 0 2 8] H4lt 2 fc»«-T 

*U znmu. M 2 <Dm&M\ZttVTM S (OmffiS. 7 

-I3»2RWX^y5 t 3ft^flIbftt)<OT*S- IP "6. 
*l/>h^^-InlSS^|»^T^FET (M4) *««Hr 

>Xffi/W- • MOS • FET (M2) ©TOXICS 

jRb&WT?*s, z.om4(DmMwiz^xhms(Dm 

[0 0 2 9] 0 511 H3K)^JfiWfc*^T«ifiE^^ — 
tt««0#AS»msy-hll!IC3Kbft»^<D*JBW 



56> 
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(5) 

7 

X77"^h (TGI, TG2) ty-hGl*ffl^ 
T> FET (M5, M6) <D?— YtitefkWL^ 

[0 0 3 0] 06 11 04 0^JIMtt^Tti^ 

[0 0 3 1] fe*5, H 3 36^BI6^1itf!lfc*5^T, 3 10 
(M4, M5> M6) * Sfc*# U> h $ 7 

[0 0 3 2] JW±, *»KO*Jfi«t^^TiKKb& 

[0 0 3 3] ^? 

So 

(1) A^«SfflWJJ/W- • MOS ■ FET (Ml) 

(2) ■ MOS • FET (M2) \Z 

(4) * etc— fe©Jfc4n?/h«8Kfc5 9— 

T> t^>Xffl/W-'MOS • FET (M2) 
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8 

mmffivx^ s cat* l fcy^ > k« o s*Tfi#«« 

(5) ft#^^M»fflA or 7- • MOS ■ FET (M 1) 
0^X§iIt>Xffl/W- • MOS • FET (M 

2) £>1M X<fc0fettS*^c^:#<T#S»T, «SHr 

>XfflA Dt 7- • MOS • FET (M2) fccfcfrSifift* 
[0 1 ] 1 fc»«TS*«WCD*]B«CDttWHT? 

[0 3 ] g#*« 2 fc»J^S*»MO*JS«ORWHT? 
0T<fc£. 

[0 5] »*9I2lc^*rr**5!9l03 5t:te©**W 

©^910-?? £ 5 „ 

[0 6] a»£9! 2 lc^*rr**K9!OS S fc«l©*iM!l 

[07] «*©««E*asii©-«*^ , r«ttMHT'» 

[0 8] 0*O«»ttffl*1B©flB©«**Ta!iWH'T?* 

[0 9] ^©<«^mft«©a6fc«©wft^»iw 

[^CDftt^] 

M 1 ft#«^£fflflr^5ft»0/t7-- ■ MOS ■ 

FET 

M2 n^yxm/^u— • mos • fet 

M3 MOS • FET 

OP1 ^r>7° 
Load 

1 yj — HAy^HIES 

2 ftS^-tUK 

3 X-fy^ 

M4. M5, M6 MOS • FET 
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(6) 
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1] 



112] 



S9] 



Vdd 




ILoad 



vdd 

Ml 




ILoad 



Vss 



Vss 




[03] 



[04] 




ILoad 



77777 

Vss Vss 



W7 



Vss 



ILoad 
nxm 



Vdd t v dd t v dd 

M2 £1 — I&M1 




G1A 



ILoad 



7/7T 7#7 77 ^ r . i 

Vss Vss Vss 

V -y^— — 

2 



Vss 



as] 



v dd vdd 

ItG2 




3 H- -Mi 

M5 



G1 



ILoad 



[B6] 



ILoad 



Rs 



G1 



[07] 



28] 



17777 



Vss 




TG2 _ 

/77T7 r/7T 7777 

Vss Vss 



ILoad 
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